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The Wuppertal Institute conducted an impact analysis of the NRW Sustainability Bond 
#5 of 2019 on behalf of the State Government of North Rhine-Westphalia (NRW). The 
most recent bond has a volume of EUR 2.25 bn, a term of 15 years and consists of 52 
eligible projects from the State's 2018 general budget (sustainable value-added was 
confirmed in a second party opinion by ISS-oekom1). This report analyses the contri-
bution of the bond to climate mitigation, sustainable land use and social impacts. It al-
so includes information on the impacts of the previous four bonds (NRW Sustainabil-
ity Bond #1 to #4).  
The impact report at hand is based on data that was collected until September 2019 
and is published in advance of the full report. Any changes in data until October 2019 
will be documented later in the full report.  
Figure 1-1 shows the project categories in the bond and quantifies the shares that could 
be directly associated with either environmental or social impacts. 60.5% or 
EUR 1,365m of the overall investments could be directly quantified in the paper at 
hand. Additional EUR 91m (4.0%) has been assessed by third parties and is also re-
ported in this briefing. The remaining EUR 601m (35.5%) could either not be quanti-
fied due to lack of data or are not quantifiable at all within existing scientific frame-
works. 
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source: own calculation based on methods and data depicted in this report 
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EUR 0m EUR 250m EUR 500m EUR 750m
A - Education and Sustainability Research
B - Inclusion and Social Coherence
C - Public transport and local mobility
D - Climate protection and energy transition
E - Environment and nature conversation
F - Sustainable urban development
G - Modernisation of educational and public facilities
quantified (this report)
quantified (third party assessments)
quantifiable (data gaps)
not quantifiable (lack of methodology and indicators)
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Some projects induce positive environmental and social impacts alike. The refurbish-
ment and construction of university clinical buildings, for example, is quantified as 
part of the measures that reduce GHG emissions. The intended purpose, however, is to 
prevent health hazards, improve research capabilities and patient care. The same is 
true for over EUR 129.8m invested into public transportation for pupils and students 
(of which only EUR 21.0m were directly allocated to tickets for students and their cli-
mate mitigation effect), as additionally financed improvements into public traffic sys-
tems are beneficial to all citizens. These types of co-impacts are often not quantifiable 
in all their dimensions. The Wuppertal Institute plans to look deeper into this kind of 
effects in the future and for up-coming NRW Sustainability Bonds. 
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The NRW Sustainability Bond #5 is part of the Sustainability Strategy NRW, which 
aims to improve the sustainable development of the whole State of NRW. It comprises 
almost 70 indicators, which relate to the 19 fields of action in the strategy and to the 17 
Sustainable Development Goals by the United Nations (SDGs). The first indicator re-
port of this strategy was published in 2016.  
Regular updates of the results are also presented on a dedicated website 
(http://www.nachhaltigkeitsindikatoren.nrw.de/sdgs). The Sustainability 
Strategy NRW (including the indicator report) is going to be updated in the future, 
aligning the methodology more closely with the federal Sustainability Strategy of 2017.  
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The estimated avoided GHG emissions in the bond can be traced back to investments 
of EUR 362m for 7 different measures. The measures are part of investments in cate-
gory C (student tickets, urban cycle paths and non-urban fast cycle paths) and G (new 
and refurbished university and university clinical buildings). As a result, the measures 
are expected to save ca. 274,300 tons of CO2 equivalents (CO2e) over their lifetime (see 
Figure 1-2).  
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source: own calculation based on methods and data depicted in this report 
G - new 
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clinical buildings
85,722 tons 
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G - refurbished 
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C - student 
tickets
9,820 tons CO2e
C - urban and 
non-urban 
cycling paths
139,010 tons 
CO2e
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Results for each measure range from 122 tons CO2e per year to 9,820 tons per year 
(see Table 1-1). All of these measures, with exception of student tickets, are likely to 
save emissions beyond the 15-year term of the Sustainability Bond.  
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1.1.1.1.1.1 GHG savings 
per year 
GHG savings over 
Lifetime 
average Lifetime 
(assumption) 
1.1.1.1.1.2 tons CO2e per year 
tons CO2e 
in total years 
1.1.1.1.1.3 Non-urban fast cycle paths 501 15,038 30 
1.1.1.1.1.4 Urban cycle paths 4,132 123,972 30 
Student tickets 9,820 9,820 1 
1.1.1.1.1.5 New university buildings 245 12,269 50 
1.1.1.1.1.6 University buildings 
(refurbishment) 122 2,445 20 
1.1.1.1.1.7 New university clinical 
buildings 1,113 73,453 66 
1.1.1.1.1.8 University clinical buildings 
(refurbishment) 1,864 37,276 20 
source: own calculation based on methods and data depicted in this report 
Figure 1-3 also depicts the normalised efficiency of the different measures for cli-
mate protection (GHG savings over life time per EUR 1m). The highest efficiency 
measured can be attributed to the construction of cycle paths, in particular to cycle 
paths in urban areas.  
N-?"%$);S@L) ECC-/-$+/5)1C)/(-.'&$)#%1&$/&-1+).$',"%$,)C1%)T"'+&-C-$7)-+K$,&.$+&,)
source: own calculation based on methods and date depicted in this report 
2,350 
7,846  
467  
325  
234 
354  
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Non-urban fast cycle paths 
Urban cycle paths 
Student tickets 
New university buildings 
Refurbishment of university buildings 
New university clinical buildings 
Refurbishment of university clinical buildings 
GHG Savings (over Lifetime) per million EUR 
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Table 1-2 summarizes the results for potential GHG savings from the bond. 
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Energy Efficiency  
(EE)  
Signed 
Amount 
Share (of 
investment) 
Eligibility 
for green 
bonds 
EE  
Component 
Annual energy  
savings 
Annual GHG  
emissions avoided 
Project name million  EURO % 
% of 
signed 
amount 
% of 
signed 
amount 
GWh/a in 1,000 tonnes of CO2-equivalents 
100% financed 100% financed 
New university buildings 86.4 100 100 43.6 1.1 1.1 0.25 0.25 
University buildings  
(refurbishment) 40.6 100 100 25.8 0.5 0.5 0.12 0.12 
New university clinical 
buildings  230.7 100 100 90.0 5.0 5.0 1.11 1.11 
University clinical build-
ings (refurbishment) 130 100 100 48.2 8.4 8.4 1.86 1.86 
Low Carbon Transport 
(LCT) 
Signed 
Amount 
Share (of 
investment) 
Eligibility 
for green 
bonds 
LCT  
Component 
Annual savings of 
car km  
Annual GHG  
emissions avoided 
Project name million  EURO % 
% of 
signed 
amount 
% of 
signed 
amount 
million passenger 
km/a 
in 1,000 tonnes of 
CO2-equivalents 
100% financed 100% financed 
Student tickets 21.0 9.0 100 100 765 70 109.1 9.82 
Urban cycle paths 15.8 100 100 100 29.1 29.1 4.13 4.13 
Non-urban fast cycle 
paths 6.4 100 100 100 3.5 3.5 0.50 0.50 
source: own calculation based on methods and data depicted in this report 
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source: own calculation based on methods and data depicted in this report 
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74,484 tons CO2e
459,010 tons CO2e
49,870 tons CO2e
32,069 tons CO2e
13,169 tons CO2e
279,880 tons CO2e
86,852 tons CO2e
0 tons CO2e 300,000 tons CO2e 600,000 tons CO2e
Non-urban fast cycle paths
Urban cycle paths
Student tickets
New university buildings
Refurbishment of university buildings
New university clinical buildings
Refurbishment of university clinical buildings
NRW Sustainability Bond #1 NRW Sustainability Bond #2 NRW Sustainability Bond #3
NRW Sustainability Bond #4 NRW Sustainability Bond #5
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All of the quantified categories for climate protection in the Sustainability Bond #5 
were already part of the Sustainability Bonds #4 (2018), #3 (2017), #2 (2016) and #1 
(2015). They can therefore be aggregated to a five-year portfolio (see Figure 1-4). This 
was not possible for singular measures like solar thermal energy generation (Bond #3) 
or co-generation of heat and power (Bond #2). In total, EUR 1,287m were invested 
over five years (2014 - 2018) that help to induce GHG savings of over 995,329 
tons CO2e over the assumed lifetime of measures.  
_77-&-1+'()$+K-%1+.$+&'()-.#'/&,)C1%)20!)3",&'-+'4-(-&5)61+7,)8;)&1)89)
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The NRW Sustainability Bonds also include ca. EUR 250m investments into other pro-
jects that improve ecological developments over the course of four years (2014-2018). 
These projects not only help to mitigate GHG emissions by e.g. additional capacities 
for renewable energies or by improving energy efficiency. They also contain measures 
to increase resource efficiency or waste avoidance in companies. The State's funding 
within the Sustainability Bond facilitates investments from other actors, thus creating 
leverage for joint efforts to reduce environmental impacts in these areas.  
The „Effizienz Agentur NRW“ (efa+) and „Ökoprofit“ provide consulting services for 
companies that want to reduce their energy consumption, resource throughput and 
GHG emissions. EFRD is a European fund for regional development. One of the main 
goals of EFRD-sponsored projects is to facilitate efforts to reduce GHG emissions.  
While the projects themselves are beyond the scope of this analysis, some of their re-
sults are reported here in form of third-party assessments. Table 1-3 shows the State's 
investments into such projects from the bond category D (Climate Protection and En-
ergy Transition), in addition to investments from private, municipal, federal and Euro-
pean funds. As the current EFRD report was not available at the time of the impact re-
port, investments and effects still refer to the timeframe from 2014 until 2017.  
R'4($);S@L) RB-%7)#'%&5)',,$,,.$+&,)'+7)T"'+&-C-$7)$CC$/&,)-+)/'&$?1%5)P)
source: correspondence with related agencies 
Type State funding     (NRW Bond #1 to #5)
Investments outside the Sustainability 
Bond                         (budget years 2014-
2018)
467,211 m3 of water
200,763 m3 of water
504,602 m3 of water
*Different methods were used to calculate the ecological impacts of the projects. The results are not summable. These numbers refer to the most recent 
reporting in the projects (including retrospective adjustment of data). 
90,061 tons of CO2e
9,034 tons of wasteÖkoprofit NRW (as part of resource efficient economy)
EUR 53.1m in the scope of resource efficiency 
(validated)
EUR 492.2m in the scope of financing 
(validated)
circa EUR!1.3m EUR 63.5m
circa EUR 25m
Effizienz Agentur NRW efa+ (as 
part of resource efficient 
economy)
only for budget years 2014-2017 (no report for 2018 as of yet)
circa EUR 530m 454,424 tons of CO2e
EFRD (2014-2020) (priority axis 
3 on CO2 reduction) EUR 96.3m 
Environmental Savings  
(2014-2018)*
65,313 tons of CO2e
12,819 tons of material resources
145,358 tons of CO2e
20,719 tons of material resources
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EUR 133.2m of the NRW Sustainability Bond #5 can be attributed to the protection of 
natural resources. Measures in this project category E aim at nature conservation, 
flood protection, animal welfare or sustainable farming and land use. The latter could 
be directly associated with investments in the bond. EUR 40.2m or 30% of the invest-
ments in this category promote an area for sustainable land use of 457,710 ha 
(see Table 1-4).  
Some of the other subcategories also partly promote sustainable land use such as areas 
for biotopes within nature conservation or flood protection areas. For these subcatego-
ries, however, it was not possible to directly allocate investments to individual 
measures with a corresponding land reference. However, these types of investments 
are currently under investigation for additional quantification and reporting in future 
NRW Sustainability Bonds.  
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Subcategory Investment volume 
(2018) 
Area supported per year (2018) 
(estimates) 
Responsible Agriculture EUR 8.9 m 72,438 ha 
EAFRD (State’s share) EUR 31.3 m 385,272 ha 
in TOTAL EUR 40.2 m 457,710 ha 
source: own calculation based on methods and data depicted in this report 
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A large portion of the social impacts from investments in the bond cannot be directly 
quantified due to lack of data or appropriate methodologies. Numerous projects bene-
fiting education, inclusion, social cohesion as well as co-benefits of projects in other 
areas are therefore not part of the impact assessment. Social tickets (part of category 
C) for example enabled the social integration and increased mobility of approximately
300,000 people in 20153. The funding of student tickets on the other hand was quanti-
fied for this report in terms of GHG savings, while in fact also improving the universal
access to education for roughly 600,000 students.
Other examples for indirect social impacts from funding in the bond are the exemption 
from parental contributions for the last year of day-care for children, supporting 54 
municipal integration centres for migrants, and an overall increase of 24% in integra-
tion for children with special educational needs (learning together). 
Some social impacts can be either estimated based on published data (with help of so-
called lump sums for costs per impact) or at least reported in form of third party as-
sessments (see the following section on the enlargement of universities and for job cre-
ation, funding and qualification). 
–––– 
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Improving and standardising methods for social impact reporting in the NRW Sus-
tainability Bond is currently under investigation by the Wuppertal Institut. The find-
ings will be integrated into future reports.  
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The enlargement of universities is part of the State’s funding into education and sus-
tainability research (bond category A as part of e.g. the Bund-Länder-Covenant for the 
expansion of universities). Out of EUR 686m, 79% or EUR 475.6m were invested to fi-
nance additional student capacities, reward universities for graduates or to reduce the 
number of dropouts. Based on current State grants for universities, these investments 
supported 21,000 additional first-year students, 12,300 additional master students 
and the graduation of 64,000 bachelor students in 2018 (see Figure 1-5). Furthermore, 
the professional education of ca. 21,500 geriatric nurses was financed. EUR 3.5m was 
also used to bring back 14 researchers back to NRW as part of the “return programme 
for highly qualified researchers from abroad”. 
Table 1-6 lists the lump sums and quantification factors used for the estimation of 
these effects. Future impact reports will also investigate whether the number of teach-
ers in training facilities can be estimated. 
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source: own calculations (number of bachelor graduates on the basis of 2017 as new statistics were not available at the 
time of publication) 
Funding of 
master studies 
(ca. 12,300 
additional master 
students)
9%
Funding of first-
year students in 
NRW (ca. 21,000 
additional 
students)
20%
Funding of 
graduates (ca. 
64,000 bachelor 
graduates)
37%
Funding of the 
return for highly 
qualified young 
researchers from 
abroad (14 
researchers)
1%
Funding of the 
professional 
education of 
geriatric nurses 
(ca. 21,500 
nurses)
9%
Other measures 
for the 
enlargement of 
universities (e.g. 
reducing dropout 
rates)
3%
Other funding in 
category A (e.g. 
training facilities 
for teachers or 
support of best in 
class universities)
21%
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The NRW Sustainability Bond #5 investments dedicated to Inclusion and Social Co-
herence total EUR 379.3m. Some of this funding in category B was used to create new 
jobs for people with disabilities, fighting long-term unemployment or social workers in 
schools. These social workers support the State's efforts to school success and cultural 
participation for disadvantaged children. By relating the available funding for these 
three measures, it can be quantified that the Sustainability Bond NRW #5 provides at 
least 125 new jobs for people with disabilities (newly created jobs) and 725 jobs for so-
cial workers in NRW (costs for material and salary per year). All three projects also 
show how investments into social development can also lead to an improvement of 
economic indicators (job creation). A funding of EUR 5.1m is also used for pro-
grammes to fight long-term unemployment. Within the “Model project for the integra-
tion of long-term unemployed people in NRW” ca. 400 persons could be brought into 
employment. This project is used as an example to estimate a lump sum of EUR 
34,400 per job resulting in 148 long-term unemployed persons that could be brought 
into employment through the funding of EUR 5.1m. 
Additional third-party assessments allowed estimating that the Bond helped 2,000 
people suffering from social and economic disparities (the majority under 25 years old) 
to improve their long-term job qualification and integration. These funds are part of 
the European Social Fund and therefore co-funded by the EU, the Federal Government 
and private investors.  
Table 1-5 shows the allocated investments of the Bond and their estimated effects in 
this category.  
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Inclusion and 
Social Cohesion 
Sustainability 
Bond NRW #5 
funding 
Type of 
quantifica-
tion 
Social Impact 
Employment opportunities 
for persons with disabilities EUR 2.5m* direct 
job creation:  
ca. 125 to 250 new jobs 
Social School Work EUR 47.2m direct job funding: ca. 725 jobs 
Fighting long term unem-
ployment EUR 5.1m direct 
job integration: 
ca. 150 jobs 
European Social Fund EUR 25.0m 3rd party job qualification and integration: ca. 2,000 participants 
* The EUR 2.5m are only part of the EUR 6.6m that is used to provide employment opportunities.
source: own calculation based on reported data and calculated lump sums for scaling 
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A majority of the investments for urban development (68% of category F) is used to 
sponsor the telecommunication infrastructure in NRW in form of broadband connec-
tions with 50 Mbits/s and more, in particular for areas that lack a market-based ex-
pansion. The programme aims to improve social and economic access by households 
and businesses alike, while also providing opportunities for a green economy (e.g. re-
ducing work-related traffic with help of home-office solution or even enabling the set-
tlement of companies in rural areas in the first place). 
Quantifying the effect of funding for broadband connections is rather difficult though, 
as the costs of an access point increase exponentially with higher penetrations rates. 
Using data on NRW broadband expansion in the past (from an interactive website by 
the Federal Ministry of Transport and Digital Infrastructure4), it could be estimated 
that the funds of EUR 218,5m enable 109,336 broadband connections for households, 
institutions and industry.  
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Table 1-6 summarizes the scalable social impact indicators for the Sustainability Bond 
NRW #5, which are mainly based on fix lump sums in the different State programmes 
(e.g. such as re-fundable costs for social workers).  
It is recommended to integrate appropriate literature and evaluation data when using 
these indicators in another context or further impact assessments of bonds.  
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Impact indicator Scaling Factor Metric 
First-year students EUR 18,000 per student lump sum 
Graduates EUR 4,000 per graduate lump sum 
Master student place EUR 10,000 per place over 2 years lump sum 
Funding of geriatric nurses EUR 2,870 per student lump sum 
Jobs for persons with disabilities EUR 20,000 per job created maximum funding 
Jobs for social school workers EUR 65,000 per job lump sum 
Jobs for long-term unemployed 
persons EUR 34,400 per job lump sum (estimate) 
Broadband connections EUR 2,000 per access point factor based on  cost sample for NRW 
source: own calculation 
–––– 
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GHG factors (Global Warming Potential for 100 years without upstream) are drawn 
from the research centre for energy economics (FfE, 2010), the balance of energy for 
German federal states (LAK, 2017) as well as data by the Federal Environmental Agen-
cy (UBA) (UBA & TREMOD 5.63, 2014). 
The energy efficiency potentials for new buildings refer to the heat demand (electricity 
is not considered due to lack of data) of public buildings in the building stock of Ger-
many from different years of construction (Deilmann et al., 2013). On average, 
117 kWh per m2 and year could be saved compared to average buildings in these sec-
tors. It is also assumed that 52% of the State’s funding is used for initial furniture and 
does not contribute to higher energy efficiencies. Costs for construction of university 
buildings and university clinical buildings are based on press releases on current and 
past construction projects by universities in NRW. The allocation of funding (new and 
refurbished buildings) was conducted with help of the State’s budget plan (which in-
cludes individual plans for each university clinic).  
The quantification of GHG savings for refurbished buildings required additional data 
on the share of construction measures for purposes of energy efficiency, the costs 
thereof and the reduced energy demand after refurbishment. They are based on two 
reference refurbishment measures at the university hospital of Munster and the uni-
versity of Bochum. As a result, final heat savings of 3,156 kWh per bed (clinics) and 
88 kWh per m2 (gross area of usage for university buildings) were calculated.  
GHG savings from Low Carbon Transport are based on avoided trips with cars. For bi-
cycle paths, data from a feasibility study for the fast bicycle track RS1 was used: 177,719 
km by car can be avoided for 22,439 ways per day in a conservative case 
(Regionalverband Ruhr, 2014). While the costs of fast bicycle tracks were drawn from 
press releases, costs of urban cycle paths are based on statistics by the Ministry of 
Transport of the State of NRW. It is also assumed that urban cycle paths only avoid car 
emissions for ways up to 5 km.  
Avoided car emissions for student tickets are based on an empirical study from 2011 by 
the Wuppertal Institute (Müller, 2011): 1,242 car km per year and student could be 
avoided in Bielefeld. The allocation of the number of tickets in use, the costs of student 
tickets and their co-funding by the State of NRW are based on data provided by the 
Ministry of Finance of the State of NRW and a report on public transport in NRW 
(KCM NRW, 2018).  
In the case of sustainable land use and social impacts, data was provided by the rele-
vant Ministry for Environment, Agriculture, Conservation and Consumer Protection 
and the Ministry of Culture and Science of the State of NRW. Additional data was 
drawn from publicly available data on funding (e.g. re-fundable lump sums in applica-
tions) within the related projects as well as evaluation reports (e.g. intermediate re-
ports of the European Social Fund). 
Data for social impacts in the area of the enlargement of universities and other training 
facilities are based on statistics on the number of students and graduates in NRW 
(IT.NRW, 2018) as well as data by Ministry of Culture and Science of the State of 
North Rhine-Westphalia (www.mkw.nrw).  
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The federal state of North Rhine-Westphalia (NRW) (Germany) emits an annual 
Sustainability Bond since 2015 that consists of projects in the budget closely linked 
to sustainable development (NRW Sustainability Bonds #1 to #5).  
The Bond focuses on projects that ensure social and ecological sustainability and is 
part of the "strategy for sustainability" in North Rhine-Westphalia (Landesregier-
ung NRW, 2016). The 5th Bond was issued in 2019 with a volume of EUR 2.25bn, 
referring to 52 eligible projects from the States' 2018 budget.  
While ISS-oekom provided a second party opinion on the eligibility of the selected 
projects for a sustainability bond (ISS-oekom, 2019), the Wuppertal Institute has 
been asked to analyse the impacts in regard to a sustainable development for the 
fourth year in a row (see Jens Teubler, Oskar Reutter, Katrin Bienge, & Lena 
Hennes, 2019) for the full German report on the NRW Sustainability Bond #4).  
The 5th Sustainability Bond is clustered in seven different project categories and 
can be associated with the Sustainable Development Goals (SDGs) by the United 
Nations (Nino, 2016), as shown in Table 2-1).  
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Project category SDGs' 
A Education and Sustainability Re-
search  
(EUR 868.0m) 
SDG 4 – Ensure inclusive and quality education for all and promote lifelong 
learning 
SDG 9 – Build resilient infrastructure, promote inclusive and sustainable indus-
trialization and foster innovation 
B Inclusion and Social Coherence  
(EUR 379.3m) 
SDG 1 – End poverty in all its forms everywhere 
SDG 10 – Reduce income inequality within and among countries 
C Public transport and local mobility  
(EUR 192.0m) 
SDG 9 – Build resilient infrastructure, promote inclusive and sustainable indus-
trialization and foster innovation 
SDG 11 – Make cities and human settlements inclusive, safe, resilient and sus-
tainable 
D Climate protection and energy tran-
sition  
(EUR 55.9m) 
SDG 7 – Ensure access to affordable, reliable, sustainable and modern energy 
for all 
SDG 13 – Take urgent action to combat climate change and its impacts by regu-
lating emissions and promoting developments in renewable energy 
E Environment and nature conversa-
tion  
(EUR 133.2m) 
SDG 2 – End hunger, achieve food security and improved nutrition and pro-
mote sustainable agriculture 
SDG 15 – Protect, restore and promote sustainable use of terrestrial ecosys-
tems, sustainably manage forests, combat desertification, and halt and reverse 
land degradation and halt biodiversity loss 
F Sustainable urban development  
(EUR 323.5m) 
SDG 9 – Build resilient infrastructure, promote inclusive and sustainable indus-
trialization and foster innovation 
SDG 11 – Make cities and human settlements inclusive, safe, resilient and sus-
tainable 
G Modernisation of educational and 
public facilities (EUR 487.7m) 
SDG 3 – Ensure healthy lives and promote well-being for all at all ages 
SDG 13 – Take urgent action to combat climate change and its impacts by regu-
lating emissions and promoting developments in renewable energy 
source: own compilation based on Ministry of Finance of NRW, 2019 
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The goal of the project is to evaluate positive sustainability effects for the Sustaina-
bility Bond #5 NRW. It covers not only the mitigation effects on climate change 
(avoided greenhouse gas emissions), but also further environmental and social im-
pacts.  
The volume of the Sustainability Bond #5 NRW (issued in 2019) is distributed 
among the seven project categories shown in Figure 2-1. The categories "Education 
and sustainability research" (A, 30 %) and "Modernisation of university and public 
health buildings" (G, 22 %) account for the largest share of funding. The categories 
"inclusion and social cohesion" and "local public transport and local mobility" each 
have a share of 17% respectively 9%. The other three project categories together ac-
count for only 22% of the volume.  
The project categories cannot be clearly classified according to their ecological, eco-
nomic and social impact. For example, the construction of a new, energy-efficient 
university building will also create new study places, so that this measure will have 
positive ecological, social and economic effects at the same time. 
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source: own compilation based on use of proceeds for NRW Sustainability Bond #5 
The impact analysis is based on the "Harmonized Framework for Impact Reporting" 
(The World Bank et al., 2015), which also provides a uniform presentation of the re-
sults of an impact analysis. Going into the fifth year, the Wuppertal Institute has 
continuously advanced the scope of the impact assessment of the Sustainability 
Bond NRW.  
A - Education and 
Sustainability 
Research 
30%
B - Inclusion 
and Social 
Coherence 
17%
C - Public 
transport and local 
mobility 
9%
D - Climate 
protection and 
energy transition 
2%
E - Environment 
and nature 
conversation 
6%
F - Sustainable 
urban 
development 
14%
G - Modernisation 
of educational and 
public facilities 
22%
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This chapter describes how the calculation of avoided greenhouse gas emissions 
(GHG reduction) is carried out (sometimes also referred to as scope 4 emissions)5. 
The GHG reduction potentials are estimated with the help of the indicator "Carbon 
Footprint". This indicator corresponds to the internationally recognised methodolo-
gy of the Intergovernmental Panel on Climate Change on the classification and 
characterisation of greenhouse gases (Intergovernmental Panel on Climate Change, 
2014; Qin et al., 2007). The Carbon Footprint records the greenhouse gases emitted 
by products and services over their entire life cycle. It expresses the greenhouse gas 
potential, i.e. the influence on anthropogenic warming of the global climate. The 
emissions of various greenhouse gases are measured with the respective global 
warming potential for 100 years in the unit CO2 equivalents (CO2 equivalent or 
CO2e) (Bernstein, Pachauri, Reisinger, & Intergovernmental Panel on Climate 
Change, 2008). 
In the presented impact analysis, published GHG factors of the Research Centre for 
Energy Economics e.V., the German Federal Environment Agency and the energy 
balances of the federal states are used. These GHG factors (e.g. CO2e for 1 kWh of 
electricity) usually refer to the use phase only (e.g. the combustion of fuel) and 
therefore do not include upstream and downstream processes (utilities, infrastruc-
tures and end-of-life). 
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Even if certain standards have been established in the Harmonized Framework, 
they do not specify a specific procedure for determining the Carbon Footprint or the 
avoidance of GHG emissions (also called GHG savings in this report). Therefore, the 
following conventions and variables had to be defined for each project group (the is-
sue of double-counting and additionality is further discussed in section 3.2). 
Reference system: In order to calculate the GHG reductions, an initial or refer-
ence system must be defined against which the savings are measured. This is the 
previous system or business-as-usual and its emissions. An investment measure can 
either replace the original system with a system with lower emissions (e.g. increas-
ing the heating efficiency of buildings) or provide alternative services with lower 
GHG emissions (e.g. using a public transport system instead of a car). The differ-
ence between the emissions of the subsidised system and those of the initial system 
results in the potentials for GHG reduction. 
Lifetime and Continuity: As the reduction of greenhouse gases occurs only after 
the realization of the funded projects, the calculation of the GHG reduction poten-
tial is based on forecasts (ex-ante analyses). For this reason, the useful life (lifetime) 
must be estimated for each implemented measure. During this time, the funded 
projects help to reduce GHG savings every year. It is also assumed that the sur-
rounding systems undergo no changes during the same time frame (continuity).  –––– 
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In reality, some of the projects will not provide their full services for the entire life-
time assumed and changes in the surrounding systems are likely to decrease GHG 
mitigation effects (e.g. if an energy system becomes more climate-friendly with the 
shutdown of coal plants).  
Attribution: In determining the GHG reduction, the share of the State's budget 
spending in the overall financing of the project has to be taken into account. If for 
example a project is State funded for only 50% of its costs, only half of its GHG sav-
ings can be attributed to the bond. 
Proportion of GHG reduction financed: There are also measures towards cli-
mate protection which only partially lead to GHG reductions. This applies in partic-
ular to the construction and renovation of buildings, where further legal require-
ments such as accessibility, fire protection or occupational safety play a role. 
Auxiliary variables: Wherever sufficient data was not available to assign the 
funding sums to physical systems, auxiliary variables were derived from the litera-
ture. These "proxies" estimate the influence of the investment on the physical 
changes of a system and are cost-factors for the most part. The refurbished net floor 
area per euro invested for example, is determined on the basis of the refurbishment 
costs of real and comparable buildings. 
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A fundamental problem in the quantitative evaluation of avoided emissions (GHG 
reduction potentials) arises in the attribution of impacts to different actors of a sys-
tem. In addition to the issuers and investors of the bond, these are all actors in the 
funded projects themselves. Since each tonne of GHG can only be saved once, dou-
ble counting must be avoided, regardless of the fact that financing and re-financing 
might be considered to be added sustainable value. 
Universities for example, own their properties and invest in the conversion and new 
construction of their buildings. However, the heating energy consumption of a 
building is mainly caused by its users: university staff, students and visitors. 
The actual effect occurs through the implementation of the measure and should be 
attributed to the operator. On the other hand, many of the measures described here 
could not be realized without financial subsidies or loans. 
In the process of estimating Carbon Footprints for e.g. companies, this is usually 
achieved by the use of so-called attribution rules. For avoided emissions in the con-
text of bonds, the authors use the terms financed or induced GHG reduction 
potentials or savings. 
!  
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A number of assumptions are necessary to calculate the financed GHG savings for 
the project categories C and G. These assumptions relate to costs on the one hand 
(e.g. construction costs of a building) and to the physical changes on the system on 
the other hand (e.g. the actual difference in energy demand after an energetic refur-
bishment). These assumptions were usually made from a conservative point of view, 
rather underestimating the positive effects for the environment.  
Exceptions of this rule are assumptions regarding the replacement of buildings. If 
new energy-efficient buildings are constructed, but old buildings are further in use, 
then the overall energy demand of an university increases, thus also emitting more 
GHG emissions.  
Table 3-1 lists the assumptions made for calculations and estimates their effect on 
the avoidance of GHG emissions.  
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Bond Category Assumptions Impact on GHG emissions 
Category C 
Public Transportation 
and Local Mobility 
Modal shift assumptions 
in the area of bike paths 
The GHG reduction potentials are probably lower in the 
analysis than in reality, because data from conservative 
scenarios were used and public transport systems are not 
taken into account. 
Modal shift assumptions 
in the area of semester 
tickets 
The robustness of the empirical survey cannot be validat-
ed. However, it can be assumed that the effects are higher 
in some universities and lower in others. 
Assumptions on the cost 
of cycle paths 
The cost factor for the construction of municipal cycle 
paths is based on a 5-year average and can be considered 
robust. The cost factor for high-speed cycle paths is based 
on published construction costs. Since many of the cycle 
paths concerned are still under construction at the time 
of the analysis, the real costs could be higher. This would 
lead to an overestimation of the GHG reduction poten-
tials for fast cycle paths in the analysis.  
Category G 
Modernisation of ed-
ucational and public 
health facilities 
Assumptions for the re-
placement of new build-
ings 
The GHG reduction potentials are rather overestimated 
due to this assumption, because the total heating energy 
requirement of a university facility increases if existing 
buildings continue to be used. 
Assumptions on con-
struction costs 
The data used cannot be used to calculate robust average 
values for the construction costs of new buildings and 
those to be renovated. The actual usable area increased or 
converted by the investments, and thus the GHG reduc-
tion potentials, cannot be reliably determined. 
Assumptions on the use 
of funds 
Only clear budget titles were allocated as part of the in-
vestment allocation. The resulting GHG reduction poten-
tials are therefore underestimated with a high degree of 
certainty, especially since a relatively high proportion was 
assumed for the initial installation (52%). 
Non-consideration of the 
electricity consumption 
Additional GHG reduction potentials could be realised 
through savings in electricity consumption. However, this 
is not the case for all building types and uses. 
Assumptions for saving 
heating energy in build-
ings 
For the new and replacement construction of buildings, 
data from the existing stock of public buildings were 
used, which lead to energy and GHG savings compared to 
the EnEV standard and with regard to the usable area. It 
can be assumed that in reality greater savings will be 
achieved. However, the development measures were only 
mapped on the basis of a reference building. The alloca-
tion of these specific GHG reduction potentials to all im-
plemented measures is therefore subject to high uncer-
tainties.  
source: own presentation 
NRW Sustainability Bond #5 - Full Report  Estimation of Impacts for Sustainability Bond #5 
!"##$%&'()*+,&-&"&"#"HH"
J) E,&-.'&-1+)1C)*.#'/&,)C1%)3",&'-+'4-(-&5)61+7)89)
The NRW Sustainability Bond #5 provides environmental (green) and social bene-
fits. The environmental impacts are mostly GHG reduction potentials achieved 
through energy efficiency measures and investments into means of transport with 
lower GHG emissions. Previous bonds also included quantifiable investments into 
renewables (e.g. solar thermal panels) and the co-generation of heat and power. 
Additional environmental impacts can be achieved by sustainable land use (quanti-
fied in this report) as well as resource-efficiency in companies (reported by other 
parties).  
Social impacts in form of indicators could be quantified for students in universities 
(first-year students, bachelor graduates and capacities for master students) as well 
as jobs in the social sector (social workers in schools) and for people with disabili-
ties. Further social impacts include job qualification as part of the European Social 
Fund, but also access to broadband internet.  
The report at hand includes quantifications for 54.1% of the investments in the 
bond, totalling EUR 1,221m. These quantifications cover 6 out of 7 bond categories. 
A further 4% or EUR 91m could be reported on the basis of other assessments. The 
remaining investments are either not quantifiable for lack of data (EUR 201m or 
8.9%) or lack of methodologies and indicators (EUR 745m or 33.0%). While these 
shares might decrease with future impact assessments, some impacts might never 
be quantifiable.  
All results depicted in this report are based on model calculations, available data 
and assumptions described in the following sections. They are, for the most part, to 
be considered estimates.  
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The Sustainable Development Goals of the United Nations have 17 different goals 
and more than 100 indicators for measurement. This diversity attests to the fact 
that sustainable development covers several interconnected ecological and social 
areas at once. Improving education for example (SDG 4) is very likely to reduce 
poverty (SDG 1) as well as overall inequalities in a society (SDG 10).  
The same is true for many of the projects in a sustainability bond, as quantified im-
pacts are not always the only impacts and not even the most important impact of an 
investment in the State budget. The focus on GHG savings by modern buildings for 
example neglects the fact that university buildings are built and re-furbished for 
other reasons than climate protection. The improvement of clinical buildings im-
proves patient care, and a new laboratory in a university provides additional re-
search capacities. Beneficiaries are not only employees and students, but the society 
as a whole. 
To account for all these benefits would require appropriate indicators for each im-
pact and an additional methodology for the combination of these impacts. This type 
of multiple-impact or multiple-benefit assessment usually relies on the monetisa-
tion of impacts and already exists for some areas. However, it is still not far ad-
vanced even for well-researched areas such as energy-efficiency measures6 and thus 
not feasible for the impact assessment of sustainable financing.  
The report at hand only quantifies single impacts in one particular area of the envi-
ronment or society. However, quantifying possible co-impacts of the NRW Sustain-
ability Bond is currently under investigations by the Wuppertal Institut (see section 
6.2 in this report).  
! )
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Category A funds projects that enlarge education capacities for teachers, trainees 
and students. It also promotes research for sustainable development and innova-
tion.  
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The overall funds amount to EUR 686.0m. EUR 607.3 are invested into the expan-
sion of universities (EUR 475.6m), training facilities for teachers and special educa-
tion training (EUR 66.5m), the return programme for highly qualified young re-
searchers from abroad (EUR 3.5m) and professional training for geriatric nurses 
(EUR 61.7m). An additional EUR 24.9m are in support of "best in class" universi-
ties. Funds for sustainability research amount to EUR 38.0m and for consumer ed-
ucation to EUR 15.9m. 
The report at hand quantifies the funds for the expansion of universities as part of 
the Bund-Länder-Covenant for the expansion of universities (State's share of the 
"Hochschulpakt") as well as funding for e.g. geriatric nurses or the return pro-
gramme for scientists. 
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One impact of the "Hochschulpakt" is the expansion of university capacities in 
terms of first-year students. Using a baseline of 80,903 first-year students in NRW 
in 2005, it can be shown that additional capacities could be provided for roughly 
42,000 students each year between 2014 and 2018 (see Figure 4-2). Half of these 
students can be allocated to investments in the sustainability bond.  
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The overall investments in the sustainability bond for the Hochschulpakt III 
(EUR 475.6m in 2018) also helped to increase the overall number of graduates and 
increased the capacities for master students. The report at hand allocates funding in 
the Hochschulpakt III after the fact, because annual budgets also include funds 
from the previous programmes or might be the result of transfer postings between 
budget years. The reported additional first-year students are therefore used as basis 
for allocating additional funding for master student places, bachelor graduates and 
other purposes.  
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Universities in NRW Plan for additional master 
students from 2014-2020 
Plan for additional master 
students in 2018/2019 
(2018) 
RTWH Aachen 7,146 students 1.428 students 
FH Aachen 1,830 students 376 students 
Uni Bielefeld 3,282 students 607 students 
FH Bielefeld 760 students 135 students 
Uni Bochum 5,981 students 705 students 
FH Bochum 618 students 128 students 
Uni Bonn 4,609 students 966 students 
Uni Rhein-Sieg 830 students 155 students 
Uni Dortmund 4,430 students 609 students 
FH Dortmund 1,016 students 210 students 
Uni Duisburg-Essen 4,570 students 667 students 
Uni Düsseldorf 1,731 students 363 students 
FH Düsseldorf 873 students 165 students 
Uni Gelsenkirchen 1,045 students 197 students 
Uni Hagen 1,616 students 570 students 
FH Hamm-Lipstadt 210 students 35 students 
Uni Köln 5,712 students 885 students 
Sporthochschule Köln 404 students 67 students 
FH Köln 2,156 students 438 students 
Uni Münster 5,482 students 940 students 
FH Münster 1,800 students 381 students 
Uni Niederrhein 1,194 students 250 students 
Uni Ostwestfalen-Lippe 560 students 111 students 
Uni Paderborn 3,546 students 496 students 
FH Rhein-Waal 577 students 132 students 
FH Ruhr-West 494 students 139 students 
Uni Siegen 3,413 students 527 students 
FH Südwestfalen 792 students 166 students 
Uni Wuppertal 3,389 students 466 students 
in TOTAL 70,066 students 12,314 students 
source: based on contracts with the universities of NRW (Ministry of Culture and Science of the State of North Rhine-
Westphalia, 2016) 
!  
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The lump sum for one additional first-year student (compared to 2005) is 
13,000 EUR each from State and federal funds(Heads of the Federal and State 
governments of Germany, 2014). This funding is provided over a period of 4 years, 
resulting in EUR 136.8m of funding in the Sustainability Bond for 21.000 additional 
first-year students (EUR 3,250 per student and year).  
The universities in NRW (including universities of applied science) also plan to pro-
vide capacities for additional 12,300 master student places in 2018/2019 (Ministry 
of Culture and Science of the State of North Rhine-Westphalia, 2016), receiving 
10,000 EUR for each place over 2 years (or EUR 5,000 per year). These additional 
master student places equal funds in the Sustainability Bond of EUR 61.6m (see Ta-
ble 4-1). Bachelor graduates are funded with EUR 4,000 each, which requires an 
additional EUR 257.3m from the funds in the Sustainability Bond.  
The remaining EUR 260m are attributed to the professional education of geriatric 
nurses (EUR 61.7m for ca. 21,500 nurses), the return programme for scientists (14 
researchers for EUR 3.5m in 2018) as well as other measures for the enlargement of 
universities (EUR 20.0m), training facilities for teachers (EUR 66.5) or support for 
best-in-class universities (EUR 24.9m). 
Figure 4-3 shows the overall results for category A.  
N-?"%$)JS@L) ZK$%K-$V)1C),1/-'()-.#'/&,)-+)/'&$?1%5)_)FEa0)<I<.)-+)&1&'(H)
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Project category B on Inclusion and Social Cohesion funds projects that recognize 
diversity and provide equal opportunities for people with disabilities, migrant back-
ground and/or otherwise disadvantaged people (e.g. poor people). It includes 
measures for employment and education as well as integration.  
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The total volume of category B amounts to EUR 379.3m. The largest share (64% or 
EUR 242.9m) is attributed to "Language skills in early childhood, family centres 
and non-contributory day care". This includes numerous projects and programmes 
regarding language courses at child care facilities, the promotion of cooperation of 
family formation and counselling centres with family centres and the exemption to 
contribution for parents for the last day care year. The rest of the investments in B 
are used for "Inclusion, integration and qualification" (EUR 89.2m or 23%) and 
"Social school work" (EUR 47.2m or 12%). 
About 15% of this volume could be quantified in the report at hand (see Figure 4-1), 
7% is reported elsewhere and ca. 7% of this volume could very likely be quantified in 
the future if data is provided (potentially allowing to generate a scalable social im-
pact indicator). However, for about 72% of the funds there is either no method to do 
so or the funding is allocated in a way that quantifiable impacts cannot be generated 
at all (e.g. by indirectly funding institutions with a social agenda).  
Among the potentially quantifiable funds there are 3 project groups that require da-
ta in order to generate scalable indicators. EUR 2.5m of the EUR 25 m for the Euro-
pean Social Fund ESF provide in fact funds for language courses for refugees and 
should be relatable to the number of participants or even success rates (e.g. in rela-
tion to achieved language competence). The programme currently funds language 
teachers as well as travel expenses for participants7 and aims at a language compe-
tence level of A1 (EU, ESF Nordrhein-Westfalen, & Ministerium für Kinder, Familie, 
Flüchtlinge und Integration des Landes Nordrhein-Westfalen, 2017). Also quantifi-
able are EUR 5.1m that are invested into fighting long term unemployment (e.g. by 
counting the number of successfully integrated people).  
EUR 25m into "language course at child facilities" on the other hand, will be quanti-
fied in the future. This programme is currently under evaluation, including an anal-
ysis of the funding spent and its effects. The duration of this study (SEIKA-NRW) is 
from 2015 to 20208.  
Table 4-1 shows the break-down in funds that were quantified in this report, funds 
that were quantified based on other reports, potentially quantifiable segments and 
funds without a potential for quantification.  
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Sub-Categories Investment volume 
quantified  
(this report) 
quantified 
(other re-
ports) 
quantifiable 
(lack of data) 
not  
quantifiable 
Inclusion, integration and 
qualification EUR 89.2m EUR 7.6m EUR 23.0m EUR 2.0m EUR 56.6m 
Language skills in early 
childhood education, sup-
port 
EUR 242.9m - - EUR 25.0m EUR 218.0m 
Social school work EUR 47.2m EUR 47.2m - - - 
in Total EUR 379.2m EUR 54.8m EUR 23.0m EUR 27m EUR 274.6 
source: own compilation 
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The State funding into the European Social Fund (ESF) in category B relates to the 
priority axis B in this European Fund ("promoting social inclusion and combating 
poverty and all forms of discrimination"). The German implementation report 
(Bundesministerium für Arbeit und Soziales, 2018) reports that 42.000 participants 
were promoted in 2017 alone. Out of the accumulated participants of 150,000 until 
end of 2017, 39.0% were women, 72.5% lived in unemployed households and 59.5% 
were long term unemployed.  
For NRW (Ministerium für Arbeit, Gesundheit und Soziales des Landes Nordrhein-
Westfalen, 2018), it is reported that 5.402 participants were part of projects and 
programmes that aim at the long term integration into the labour market (4,834 of 
these participants were under 25 years old). The Sustainability Bond contains a 
funding for ESF priority axis B of EUR 23.0m9, while the overall funds (European 
funds, federal funds, private funds and State funds combined) in this category 
amount to EUR 387.8m from 2014 to 2020. The State of NRW provides EUR 150m 
of state funds for priority B. It can therefore be estimated that 38.6% of the partici-
pants (ca. 2,000) directly benefit from investments in the bond.  
An explicit example of this funding is the programme "Kooperative Ausbildung an 
Kohlestandorten", aimed at apprenticeships for young people in regions with coal 
sites. In 2017, the State of NRW provided EUR 0.73m out of a larger co-financed 
fund of ca. EUR 3.3m (Ehlert, personal communication, 15 January 2019). As Ap-
prenticeships in the programme are funded with EUR 900 per month and appren-
tice, the investments in the bond alone could provide support for 67 apprenticeships 
per year.  
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Sub-Categories of B Investments 
in Bond 
Reported 
Funding 
Reported Effects  
(estimates for NRW) 
European Social Fund 2014-2020 EUR 25 m EUR 23.0m 
2,000 participants in programmes for 
education and long term integration 
into the labour market 
(e.g. 67 apprenticeships in regions with 
coal-sites) 
source: Ministerium für Arbeit, Gesundheit und Soziales des Landes Nordrhein-Westfalen, 2018 
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EUR 2.5m of the total investments can be quantified indirectly as part of the 
EUR 3.2m funding for "Employment opportunities for persons with disabilities". 
The programme aims at the creation of 250 new jobs for people with disabilities in 
inclusion companies. With a maximum funding of EUR 20,000 for each newly cre-
ated job, this relates to at least 125 new jobs (Gesellschaft für innovative Bes-
chäftigungsförderung mbH, 2018).  
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About 12% of the overall investments in category B is used to promote the education 
and participation for disadvantaged children. By doing so, the State of NRW con-
tinues financing on social school work that has been discontinued by the Federal 
Government in 2014. Initially provided for 3 years (until 2017), funding is now se-
cured until 2021 (Bildungsportal des Landes NRW, 2019).  
The State programme provides ca. EUR 47.2m per year to 53 cities and municipali-
ties in order to provide assistance for targeted youth work and reducing social dis-
advantages in this area. The funding is focused on promoting jobs for social work-
ers, that help to  
!" reduce absenteeism in schools, 
!" improve school success, 
!" reduce school drop-out numbers, 
!" and increase the participation of students in sports and cultural activities.  
A first evaluation of the programme in 2017 (Gabler et al., 2017) concludes that 
while there is still an information gap (e.g. only half of the parents entitled to apply 
for benefits from the programme know about them), children from poor households 
are overrepresented when it comes to benefiting from services such as additional 
school excursion or joint lunch. It is also estimated that the programme itself has fi-
nanced 1.700 skilled social workers so far. The impact of this category of the bond 
can therefore be directly be related to the financing of these jobs. The State of NRW 
promotes jobs in this area based on generalized costs of ca. EUR 50,000 on an an-
nual gross salary and direct material expenses of ca. EUR 15,000, summing up to 
refundable costs of EUR 64,815 per year.  
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Thus, EUR 47.2m in the bond amount to potential 725 jobs for school social work-
ers, which is about 27% of the financed social workers so far or 14 social worker per 
municipality.  
JW@W9) N-?B&-+?)(1+?S&$%.)"+$.#(15.$+&)FT"'+&-C-$7),1/-'()-.#'/&)-+)/'&$?1%5)6H)
A funding of EUR 5.1m is also used for programmes to fight long-term unemploy-
ment. Within the “Model project for the integration of long-term unemployed peo-
ple in NRW” ca. 400 persons could be brought into employment. This project is 
used as an example to estimate a lump sum of EUR 34,400 per job resulting in 148 
long-term unemployed persons that could be brought into employment through the 
funding of EUR 5.1m. 
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Category C projects are investments into reduced ticket fares for certain groups (e.g. 
students) and the development of infrastructures for low-carbon mobility (e.g. 
roads for biking).  
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The volume in category C totals EUR 192m, of which EUR 129.8m are invested into 
public transportation for students and pupils, EUR 22.2m into transportation infra-
structure (cycle path's) and EUR 40m into public transportation for low-income cit-
izens.  
The latter refers to the so-called "social tickets", which mainly aims at social impacts 
such as participation, integration or mobility. It has been reported (third party as-
sessments) for 2015, that circa 300,000 people benefit from these tickets (Landtag 
NRW, 2017). It is questionable whether the social ticket will actually lead to a GHG 
reduction though, since a considerable proportion (67%) of ticket recipients cannot 
fall back on a car in any case (KCM, 2015).  
Overall, investments of EUR 43m or 22.4% of this category were directly allocated 
with quantifiable effects on the climate (quantified effects).  
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The funding for students and pupils in category C supports the public transporta-
tion system in NRW by financing the reduced tariffs for pupils, students and train-
ees, while also promoting the improvement of services and quality (Finanzministe-
rium Nordrhein-Westfalen, 2016). The Public Transport Act of North Rhine-
Westphalia stipulates in Section §11a (1) that EUR 130 million per year is to be in-
vested for this purpose. Of this amount, at least 87.5% is used to offset the cost of 
tickets. Of this EUR 113.75m, approximately EUR 21m is used for semester tickets 
(according to the NRW Ministry of Finance). The remaining 12.5% can be used for 
other financing measures, such as further development of the system or quality im-
provements.  
The remaining EUR 92.75m are used for funding into trainee and pupil tickets. Alt-
hough these tickets are also expected to lead to a GHG reduction, there is no reliable 
data source available to estimate the effects.  Similar to social tickets, it is also ques-
tionable whether many pupils and trainees regularly use a car or have a driving li-
cence at all. On the other hand, the investments into urban and non-urban cycle 
paths (EUR 22.2m) are fully taken into account for quantification as they all relate 
to the costs of construction. 
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The GHG reduction of the semester tickets was measured by the car-km avoided per 
ticket. A study by the Wuppertal Institute on the use of the semester ticket shows 
that 1,242 person-kilometres (pkm) per year are not covered by car due to the se-
mester ticket per student. (Müller, 2011). The study is based on an empirical survey 
of the mobility behaviour of students at Bielefeld University. The results are not 
representative for other universities in NRW and therefore cannot be generalised. 
Due to a lack of alternative data, the figure of 1,242 pkm per student (or 621 pkm 
per ticket) is nevertheless chosen as the basis for the calculation. In contrast to the 
other project groups, only the reduction for one year is taken into account, since the 
semester ticket is only financed for two semesters (one year). 
In order to determine the total costs for the semester ticket and the share of the 
bond in the total costs, the quantity of tickets sold for each year (2014 to 2018) is 
offset against the ticket price as well as the costs for the regional expansion 
(EUR 120m) and added to the investments from the bond. 
Table 4-2 shows the result of this calculation. The shares of the total costs calculated 
in this way also correspond to the share of the bond in the expected reductions for 
greenhouse gases. The data were collected both on the basis of data from the Minis-
try of Finance in NRW and on the basis of tariff data (see KCM NRW, 2019 for the 
most recent data). 
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Reverence year 2014 2015 2016 2017 2018 
Sold tickets with NRW extension 
(98% of all semester tickets) 
1.11 m pcs. 1.16 m pcs.  1,19 m pcs. 1,21 m pcs. 1,210 m pcs. 
Price of the semester ticket with 
NRW extension EUR 46.00 EUR 48.10 EUR 49.50 EUR 50.90 EUR 52.80 
Income from semester tickets with 
NRW extension EUR 50.83m EUR 55.60m EUR 58.88m EUR 61.46m EUR 64.05m 
State financing share (NHA NRW; 
constant over four years) EUR 21.04m EUR 21.04m EUR 21.04m EUR 21.04m EUR 21.04m 
Costs for regional tickets  
(EUR 120 per ticket) EUR 135.31m EUR 141.55m EUR 145.65m EUR 147.86m EUR 148.53m 
Total costs semester ticket EUR 207.18m EUR 218.20m EUR 225.57m EUR 230.36m EUR 233.59m 
Share of NHA NRW 
 in total costs 10.2% 9.6% 9.3% 9.1% 9% 
source: own calculation 
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Based on data from the Federal Environment Agency, 142 g CO2e per car-km are as-
sumed for the GHG reduction through avoided car-km (Umweltbundesamt (UBA), 
2016). In total (see Table 4-3), between 99,500 and 109,174 tonnes of CO2e per year 
can thus be avoided, of which 9,800 to 10,100 tonnes of CO2e per year are attribut-
able to investments in the bond.  
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Year of bond issue 2014 2015 2016 2017 2018 
Total GHG reduction 
potentials for semester 
tickets in NRW 
99,450 t CO2e/a 104,040 t CO2e/a 107,050 t CO2e/a 108,676 t CO2e/a 109,174 t CO2e/a 
THG reduction poten-
tials for the NHA NRW 
(Share in %) 
10,100 t CO2e/a 
(10.2%) 
10,030 t CO2e/a 
(9.6%) 
9,990 t CO2e/a 
(9.3%) 
9,927 t CO2e/a 
(9.1%) 
9,820 t CO2e/a 
(9%) 
source: own calculation 
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The initial system for the construction of cycle paths is the car traffic that occurs if 
there were no cycle paths (GHG reductions from avoided car km). Although further 
effects in the area of public transports could occur, it is unclear whether this modal 
shift (people switching from a public transport system towards cycling) would affect 
the GHG emissions of these systems in any way. Conversely, it is also not assumed 
that the climate impact of public transports will be negatively affected. 
Data on the influence of the construction of cycle paths on the modal split can be 
found in the feasibility study of the cycle fast track (RS1) between Duisburg and 
Hamm. (Regionalverband Ruhr, 2014). Based on statistics of purposes and number 
of routes in NRW, an estimation of the passenger car km saved is carried out there. 
In the "zero case" scenario, a conservative design, 1,760 car-km per km of cycle dis-
tance and day are avoided by high-speed cycle paths. 
In the area of municipal cycle paths, no data are available on the avoidance of car 
km. In a first approximation, therefore, the assumptions about the fast cycle paths 
are adopted. However, it is assumed that municipal cycle paths only have a substi-
tuting effect on car use for paths up to 5 km in length (60% of paths or 1,060 car-km 
per km cycle path per day). 
The cost factors to be determined make it possible to identify the added cycle routes 
with the help of the investments made by the State of NRW within the bond. For 
municipal cycle paths, they are based on data from the Ministry of Transport of the 
State of NRW. The 5-year average (2012-2016) of the added cycle paths in munici-
pal construction load is EUR 209,000 per km.  
No sufficient data were available for cycle paths. Instead, the average construction 
costs per km of cycle path were calculated from existing projects (see Table 4-4). 
Accordingly, the average construction costs are EUR 1.16m per kilometre built. 
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Cycle path Length Cost 
RS1 Duisburg - Hamm 101 km EUR 184m 
RSW Mittleres Ruhrgebiet Gladbeck - Bottrop -Essen 17 km EUR 39m 
Regio Velo Isselburg-Bocholt - Velen 61 km EUR 39m 
RSW OWL Minden-Herford 50 km EUR 26m 
RSW Aachen-Herzogenrath-Kerkrade 30 km EUR 21m 
RSW Köln-Frechen 8 km EUR 6m 
RSW Neuss-Düsseldorf-Langenfeld/Monheim 31 km EUR 32m 
Average cost per km 1 km EUR 1.16 
source: own calculation based on web publications  
For the GHG reduction by avoided car-km 142 g CO2e per  car-km are assumed 
(Umweltbundesamt (UBA), 2016). Table 4-5 shows the results of the analysis for 
GHG reduction by cycle path construction within the NHA. 
The service life of a cycle path is 30 years for a bituminous pavement.  
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Year of 
the bond 
issue 
Effect 2014 2015 2016 2017 2018 
Non-
urban 
fast cy-
cle paths 
Annual GHG 
reduction 0 t CO2e/a 744 t CO2e/a 658 t CO2e/a 580 t CO2e/a 501 t CO2e/a 
GHG reduction 
over lifetime 
(30 years) 
0 t CO2e 22,322 t CO2e 19,737 t CO2e 17,387 t CO2e 15,038 t CO2e 
Kilometres 
built up 0.0 km 8.2 km 7.2 km 6.4 km 5.5 km 
Urban 
cycle 
paths 
Annual GHG 
reduction 2,668 t CO2e/a 2,746 t CO2e/a 2,406t CO2e/a 3,350 t CO2e 4,132 t CO2e/a 
GHG reduction 
over lifetime 
(30 years) 
80,032 t CO2e 82,386 t CO2e 72,186 t CO2e 100,433 t CO2e 123,972 t CO2e 
Kilometres 
built up 48.8 km 50.2 km 44.0 km 61.2 km 75.5 km 
source: own calculation 
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The investment volume in category D amounts to EUR 55.9m. 35% or EUR 19.8 of 
this sum are allocated State investments in the European Fund for Regional Devel-
opment (ERDF). The effects of these funds are reported in the current implementa-
tion report for NRW and therefore refer to the budget year 2017 (Ministerium für 
Wirtschaft, Innovation, Digitalisierung und Energie des Landes Nordrhein-
Westfalen, 2018).  
EUR 30.5m (or 54% of the investments) are used for the State's other efforts to-
wards climate protection, energy transition, renewable energies and energy efficien-
cy. These funds are potentially quantifiable, but could not be quantified due to lack 
of data.  
The last category refers to resource efficiency with EUR 5.6m or 11% of the invest-
ments. These funds are used to help companies in order to reduce energy use, GHG 
emissions, waste and water use. They are part of the public funding for Effizienz-
agentur NRW efa+ and Ökoprofit NRW.  
Table 4-6 list all investments in category D and their breakdown into quantifiable 
assets as well as assets which effects where report elsewhere (see next section).  
Unfortunately, none of the investments in this category could be quantified directly 
in the report at hand. 
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Sub-Categories Investment 
volume 
quantified  
(this re-
port) 
quantified 
(other re-
ports) 
quantifia-
ble 
(lack of 
data) 
not  
quantifia-
ble 
Energy transition, renewable energies 
and energy efficiency EUR 30.5m - - EUR 30.5 m - 
European Regional Development Fund 
(ERDF) 2014-2020 (State's share) EUR 19.8m - EUR 19.8 - -  
Resource Efficiency EUR 5.6m - EUR 5.6m - - 
in Total EUR 55.9m - EUR 25.4m EUR 30.5m - 
source: own compilation 
! )
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Category D covers a number of measures which lead to GHG reductions but which 
could not be quantified in this analysis due to insufficient data. These include the 
expansion of renewable energies and measures to increase resource and energy effi-
ciency. Between 2014 and 2016, EUR 162 million were invested. The resulting eco-
logical effects, however, were partly estimated by the participating institutions 
themselves.  
Table 4-7 shows the results of the business support within the framework of the 
"NRW Efficiency Agency" (efa+), Ökoprofit and the use of ERDF funds. The Effi-
ciency Agency and Ökoprofit provide consultancy services that support companies 
and business networks in reducing their consumption of energy and resources. 
ERDF is a European fund for the promotion of regional development that draws on 
EU, federal and state funds. This fund is divided into various priorities or thematic 
areas. Priority axis 3 focuses on the reduction of greenhouse gas emissions. 
While the projects themselves are beyond the scope of this analysis, some of their 
results are reported here in form of third party assessments. Table C shows the 
State's investments into such projects from the bond category D (Climate Protection 
and Energy Transition), in addition to investments from private, municipal, federal 
and European funds. As the current EFRD report was not available at the time of 
the impact report, investments and effects still refer to the timeframe from 2014 un-
til 2017.  
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source: correspondence with related agencies 
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Type State funding     (NRW Bond #1 to #5)
Investments outside the Sustainability 
Bond                         (budget years 2014-
2018)
467,211 m3 of water
200,763 m3 of water
504,602 m3 of water
only for budget years 2014-2017 (no report for 2018 as of yet)
circa EUR 530m 454,424 tons of CO2e
ERDF (2014-2020) (priority axis 
3 on CO2 reduction) EUR 96.3m 
65,313 tons of CO2e
12,819 tons of material resources
145,358 tons of CO2e
20,719 tons of material resources
*Different methods were used to calculate the ecological impacts of the projects. The results are not summable. These numbers refer to the most recent 
reporting in the projects (including retrospective adjustment of data). 
90,061 tons of CO2e
9,034 tons of wasteÖkoprofit NRW (as part of resource efficient economy)
EUR 53.1m in the scope of resource efficiency 
(validated)
EUR 492.2m in the scope of financing 
(validated)
circa EUR!1.3m EUR 63.5m
circa EUR 25m
Effizienz Agentur NRW efa+ (as 
part of resource efficient 
economy)
Environmental Savings         
(2014-2018)*
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Within project category E, a total of EUR 133,2 million from the fifth NHA was in-
vested in measures that contribute to the conservation of biological diversity in 
NRW. Thus, this category refers to SDG14 and 15 (Ministry of Finance of the State 
of North Rhine-Westphalia 2017). The following subcategories are integrated in the 
category: 
!" Protection of nature, landscape and biodiversity Nature conservation and 
landscape management (EUR 28.3m) 
!" Flood protection and river restoration (EUR 64.7m) 
!" Responsible agriculture (EUR 8.9m) 
!" European Agricultural Fund for Rural Development – EAFRD (State's 
share) (EUR 31.3m) 
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Of the total volume of EUR 133.2 million, EUR 40.2m can be allocated to quantifia-
ble sustainable land use. These are “responsible agriculture" and the EAFRD fund-
ing. 
The other subcategories also partly lead to sustainable land use, e.g. areas for the 
biotope network that are promoted within the subcategory "nature conservation 
and landscape management" or also areas for flood protection and near-natural wa-
tercourse construction. For these subcategories, however, it was not possible to di-
rectly allocate investments to individual measures with a corresponding land refer-
ence. 
Figure 4-4 shows the investments, divided into the corresponding subcategories, as 
well as the investment volumes that could be stored with quantifiable data. 
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source: own assessment based on calculations in this report  
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Data from the Ministry for the Environment, Agriculture, Nature Conservation and 
Consumer Protection of the State of North Rhine-Westphalia (MULNV) as well as  
data from the "Gemeinschaftsaufgabe zur Verbesserung der Agrarstruktur und des 
Küstenschutzes" (GAK) (Bundesminsterium für Ernährung und Landwirtschaft 
2016) was used to evaluate sustainable land use. Since investments into pro-
grammes in the bond do not correspond exactly to the amounts in the relevant re-
ports from 2014 and 1015, area factors per EUR have been calculated and used for 
scaling the estimated effects.  
A total of 30% of the investment volume in project category E was quantified for ar-
eas with sustainable use. Table 4-8 shows the quantified areas and their allocation 
to the corresponding subcategories. A total of 457,710 ha of subsidised land was 
identified. 
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Subcategory Investment volume 
(2018) 
Area supported per year (2018)  
(estimates) 
Responsible Agriculture EUR 8.9 m 72,438 ha 
EAFRD EUR 31.3 m 385,272 ha 
in TOTAL EUR 40.2 m 457,710 ha 
source: own calculation 
 
! )
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Category G covers funding for buildings of universities and university clinics (new 
buildings and refurbishment). Increasing the energy efficiency in these buildings (in 
particular for the end-use of heat) is one of its major goals. Table 4-9 shows the in-
vestments by the State as well as their listing in the States' budget.  
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Topic Title Budget items 
Investments 
(EUR 487.7m) 
Modernisation of  
university buildings 
Modernisation of uni-
versity buildings # 06 100 891 20, 06 110 685 20, 894 20 EUR 127.0m 
Modernisation of  
university clinical 
buildings 
Conservation and reme-
diation of existing facili-
ties 
# 06 102 TG 63, 06 103-108 891 20 EUR 145.2m 
Enlargement and other 
investments # 06 103-108 891 30 EUR 215.1m 
in total EUR 487.7m 
source: use of proceeds for NRW Sustainability Bond #5 
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Only parts of the investments are used to reduce the energy demand of buildings or 
to develop buildings with a low energy standard. Some investments are also used to 
provide equipment or rents.  
Refurbishments are also not restricted to energy-efficiency measures alone, but 
cover for example requirements for safety or health measures. It is therefore neces-
sary to estimate the shares for actual GHG mitigation potentials from 
!" the construction of new (general) university buildings with lower heat de-
mand compared to existing buildings, 
!" the construction of new clinical university buildings with lower heat demand 
compared to existing buildings, 
!" higher heat efficiency after refurbishment in (general) university buildings, 
!" higher heat efficiency after refurbishment in clinical university buildings. 
The investments in the bond correspond to actual investments in the State's budget 
from 2018, but do not allow to differentiate into these four segments with GHG rel-
evance. Therefore, additional information on the States' investments are drawn 
from the budget, that allow to allocate the funding in higher detail.  
!  
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The allocation for general university buildings is based on the funding for the 
Hochschulbaukonsolidierungsprogramm (HKoP; programme for the construction 
of university buildings) and funding for the Hochschulmodernisierungsprogramm 
(HMoP; programme for the modernisation of buildings).  
The States' budget for 201710 lists EUR 50m for HKoP (assumed to be mainly used 
for new buildings and building extensions) and EUR 30.8m for HMoP (assumed to 
be mainly used for refurbishment). Out of EUR 127.0m investments in the bond, it 
is therefore assumed that 61 % are used for new buildings and 39 % are used for re-
furbishment measures.  
Both investments are assumed to use 52 % of their funds for equipment (assump-
tion by the Ministry for Finances). In addition, only 45 % of investments into refur-
bishment measures lead to higher energy efficiency in buildings. The latter value 
describes the energy refurbishment ratio and is based on a study on the refurbish-
ment of public buildings in Germany (Hebel, Jahn, & Clausnitzer, 2011). 
As a result, EUR 37.7m are direct investments into new general university buildings 
and EUR 10.5m investments into energy refurbishment in the same segment.  
Investments into clinical university buildings are listed individually in the States' 
budget and can therefore be used to generate a more specific allocation. Based on 
the 2018 listings for Bonn, Münster, Cologne, Aachen, Düsseldorf and Essen, 57.6 % 
of the funds are used for new buildings and 32.4 % for refurbishment measures. 
Considering also a reference energy refurbishment ratio of 53.6 % (based on the 
"Bettenturm Münster"), the following funds are allocated: EUR 207.6m are used for 
new buildings, EUR 62.6m for energy refurbishment and EUR 36.2m for other pur-
poses such as equipment. Table 4-10 shows the resulting investments in category G 
into measures with direct GHG mitigation potential and other measures.  
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Topic Measures for GHG miti-gation/avoidance 
Investments into 
measures for GHG 
emission reduction 
Investments into other 
measures (e.g. equip-
ment) 
General university 
buildings 
New and Extensions EUR 37.7m 
EUR 78.8m 
Energy Refurbishment EUR 10.5m 
Clinical university 
buildings 
New and Extensions EUR 207.6m 
EUR 36.2m 
Energy Refurbishment EUR 62.6m 
source: own allocations based on information provided by the Finanzministerium das Landes Nordrhein-Westfalen and 
the 2018 budget of the State of North Rhine-Westphalia 
–––– 
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Table 4-11 shows the GHG emission factors for heat demand and heat sources in 
public buildings. The electricity demand of university buildings and its GHG emis-
sions is not included in the quantification due to lack of data. While electricity use 
in public buildings can have a large effect on the actual GHG emissions, it could not 
be allocated to the investments in the bond. However, this effect is not necessarily 
positive, as for example the installation of new medical equipment can also increase 
the electricity demand in a building.  
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Energy source 
Emission factor 
(without up-
stream) 
Data source Spatiality Share in buildings 
Gas* 202 g CO2e/kWh" FfE (2010) Germany 55.8 % 
Oil, light* 266 g CO2e/kWh FfE (2010) Germany 23.1 % 
District heating 229 g CO2e/kWh (Agentur für Erneuerbare Energien e.V., 2014) NRW 21.1 % 
Electricity 820 g CO2e/kWh LAK (2015) NRW 0.0 % 
Emission Factor) 222 g CO2e/kWh 100 % 
* Roughly 79 % of heat is provided in form of gas and oil. According to the Agency for Renewable Energies in Germany 
(AGEB 2013) 70.7 % of heat by these energy carriers is provided in form of gas.  
source: own calculations based on statistics for heat demand in public buildings 
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Efficiency gains are calculated by comparing the average heat demand of existing 
public buildings to the average heat demand of new public buildings. This simplifi-
cation is required, because the actual efficiency gains in the university buildings 
funded by the bond are unknown. This also leads to a conservative estimation of the 
GHG effects in most cases, as older buildings are usually refurbished first and new 
buildings often exceed the legal requirements for energy efficiency.  
The heat demand of buildings in the class "Universities and Research" is estimated 
in a 2013 study by the Federal Ministry of Transportation and Construction (Deil-
mann et al., 2013). This study contains data on the share for energy carriers as well 
as the average heat demand in regard to the age of the buildings before and after an 
energy-related refurbishment. Table 4-12 shows the results sorted by the year of 
construction as well as their share of the overall existing buildings. These potential 
savings are used for all new university buildings funded by the Sustainability Bond 
(see the next section for energy savings after refurbishment).  
!  
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Year of construction Heat demand in exist-ing buildings 
Heat demand after refur-
bishment (base-case for 
new buildings) 
Share of existing 
buildings 
until 1976 236.3 kWh/(m2a) 108.5 kWh/(m2a) 80 % 
1977 - 1983 209.9 kWh/(m2a) 107.4 kWh/(m2a) 6 % 
1984 - 1995 167.9 kWh/(m2a) 104.9 kWh/(m2a) 6 % 
from 1995 onward 129.6 kWh/(m2a) 104.9 kWh/(m2a) 8 % 
Heat energy savings 117,2 kWh/(m2a) 100 % 
source: own calculations based on Deilmann et al. (2013) 
Linking the data in Table 4-12 and Table 4-11 results in GHG emission savings of 
26 kg CO2e per m2 for new university buildings when compared to the building 
stock (222 g CO2e per kWh at a difference of 117.2 kWh/(m2a)).  
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The available data on State funding does not include the area of newly constructed 
buildings. Instead, data on recently constructed university buildings was used to 
generate a cost factor on the amount of useful area that can be constructed per 
EUR. This results in an average of the sample of 250 m2 per EURm (see also Table 
4-13).  
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Building Construction 
costs 
Net area Promoted share by 
State of NRW 
Cost factors (calcu-
lated) 
FH Aachen, replacement 
construction f. Kalverben-
den/Zentr. 
EUR 12.5m 3,900 m2 100 % 312.0E-6 m2/! 
RWTH Aachen, auditorium 
centre Claßenstr. (R 6)* EUR 45.0m 14,000 m
2 100 % 311.1E-6 m2/! 
Univ. Dortmund, Replace-
ment New Building Chemis-
try/Physics (EE) 
EUR 82.3m 14,661 m2 100 % 178.1E-6 m2/! 
FH Niederrhein, Replace-
ment new multi-building 
(EE)  
EUR 20.0m 6,900 m2 75 % 258.8E-6 m2/! 
FH Bielefeld, Replacement 
new construction, network 
expansion (EE) 
EUR 279.3m 60,400 m2 100 % 216.3E-6 m2/! 
FH Düsseldorf, ENB 1. BA* EUR 170.0m 54,000 m2 100 % 317.6E-6 m2/! 
in Total EUR 609m 153.861 m2 average (weighted) 250 m2 per million 
euro 
source: own calculation; information on construction costs and constructed area are based on press releases 
!  
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Taking into account the assumed savings in heating energy, the associated factor for 
GHG reduction and a life of 50 years (Stibbe & Stratmann, 2014), the EUR 37.7 mil-
lion bond investment will potentially build 9,400 m2 of building space, which could 
lead to annual savings of 245 t CO2e.  GHG emissions are reduced by up to 12,269 t 
CO2e compared with existing buildings and over the life of the building. 
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In order to calculate the GHG reduction potential of buildings in university hospi-
tals, the costs per m2 of usable space are required, analogous to new buildings in 
general universities. The information on the construction costs determined or esti-
mated is taken from the budget for Title Groups 06 103 to 06 108 (each Title 891 
30). The corresponding floor areas are taken from the websites of the individual 
clinics. All construction measures are assumed to have a 100 % share of funding, 
which means that the simple average of total investment and total net floor area can 
be used to determine the cost factor. 
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Intentions Building costs Net floor area Specific cost factor 
Köln: CIO Zentrum (ambulant) EUR 77.9m 13,500 m2 312.0E-6 m2/! 
Aachen: Erweiterungsgebäude für 
intensive Operationspflege EUR 41.2m 8,643 m
2 311.1E-6 m2/! 
Düsseldorf: Medizinisches For-
schungszentrum I EUR 79.9m 19,650 m
2 178.1E-6 m2/! 
Düsseldorf: Medizinisches For-
schungszentrum II EUR 26.2m  7,970 m
2 258.8E-6 m2/! 
Bonn: Neubau Eltern-Kind-Zentrum EUR 71.9m  11,787 m2 216.3E-6 m2/! 
Bonn: Neurologie, Psychiatrie und 
Palliativmedizin (NPP) EUR 64.6m  12,842 m
2 317.6E-6 m2/! 
Sum EUR 361.6m   74,392 m2 206 m2 per EUR m 
source: own calculations on the basis of the NRW budget (medium-term financial planning 2016-2018) and publications 
of the clinics examined. 
Taking into account the assumed savings of heating energy, the associated factor for 
GHG reduction and a life of 66 years (Hebel et al., 2011), the investments of the 
EUR 207.6 million bond will potentially create 42,800 m2 of building space (see 
Table 4-14), which could lead to annual savings of 1,113 t CO2e. 
GHG emissions are reduced by up to 73,500 t CO2e compared with existing build-
ings and over the life of the building.  
!  
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The determination of the cost factor and the reduction of the heating energy re-
quirement of renovated buildings in general universities is based on data from a fa-
cade renovation at the Ruhr University Bochum (A. Krewald, personal communica-
tion, 2017). Construction costs of EUR 87.9 m were incurred to renovate a 52,300 
m2 site. Thus, investments of EUR 10.5m lead to the redevelopment of 6,250 m2 (at 
costs of EUR 1,680 per m2). The share of the energy-related renovation quota is al-
ready taken into account in the allocation of investments. 
Taking into account the general heating energy demand in universities (see chapter 
4.7.4) and a reduction in heating energy demand of probably 88 kWh/m2 (NF 1-6 
buildings), potential GHG reductions of 19.6 kg CO2e per m2 are achieved.  
A total of 122 t CO2e per year are saved in this way. GHG emissions could be re-
duced by up to 2,500 t CO2e over a service life of 20 years (EnEV stipulates financial 
amortisation).  
!  
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The “Bettenturm” in Münster serves as a reference for the renovation of buildings in 
university clinics, for which a number of data are available: 
!" The construction costs for façade works (energetic refurbishment) amount to 
EUR 20.6 million. 
!" The total construction costs amount to EUR 38.5 million with a subsidy 
amount of EUR 45.9 million. 
!" The estimated transmission heat loss before completion of works is 2.23 
W/(m2K) and 0.62 W/(m2K) after refurbishment. 
!" 875 beds are in the renovated building. 
Based on these data and taking into account the heating degree days in Germany in 
2016 (3005 HDD according to Eurostat) and the energy expenditure figure for a 
condensing boiler (1.03), the reference values for hospital renovations shown in Ta-
ble 4-15 can be determined. 
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Reference level Reference value 
Share of construction costs in funding amount 84,0 % 
Share of energy-efficient refurbishment in construction costs (already 
taken into account when allocating investments) 53,6 % 
Difference in transmission heat requirement per bed 3.156 kWh/bed 
Number of refurbished beds 42,4 bed per EUR m 
GHG factor for the provision of heating energy 0,222 kg CO2e/kWh 
GHG reduction potential per bed 702 kg CO2e per bed and year 
source: own calculation 
With investments of EUR 62.6 million for energy-related refurbishment, an esti-
mated 2,650 beds will be refurbished, which would lead to annual GHG savings of 
1864 t CO2e. If a service life of 20 years is also assumed here, GHG emissions can be 
reduced by a total of 37,300 tonnes of CO2e. 
!  
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Table 4-16 summarises the results in category G for the NHA NRW #5. 
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Measure Investments in the 
bond for  
GHG reduction 
Annual GHG reduc-
tion 
GHG reduction potential 
over service life 
Construction of  
new university build-
ings 
EUR 37.7m 245 tons CO2e / a 12,269 tons CO2e 
Refurbishment of  
university buildings EUR 10.5.m 122 tons CO2e / a 2,445 tons CO2e 
Construction of 
new university clini-
cal buildings 
EUR 207.6m 1,113 tons CO2e / a 73,453 tons CO2e 
Refurbishment of 
university clinical 
buildings 
EUR 62.6m 1,864 tons CO2e / a 37,276 tons CO2e 
source: own calculation  
!  
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The state of NRW invests EUR 218.5m into the expansion of broadband connec-
tions (50 Mbit/s and more) for households, but also companies and public institu-
tions. These investments are provided in form of co-funding; in particular for com-
munities where such infrastructure projects are currently not feasible from an eco-
nomic point of view. This expansion is not only funded by state governments in 
Germany, but also from a federal point of view (up to 50 % from federal funds and 
up to 40 % from state funds). It is the goal of the federal as well as states' govern-
ment to achieve a nearly 100 % broadband coverage in Germany in a foreseeable fu-
ture. 
Although broadband expansion is not necessarily directly economic feasible (in 
turns of direct revenues for communities), it is assumed that it prevents external 
costs in the future, while also providing additional benefits even in the most rural 
areas. Positive effects range from economic growth, efficiency and productivity 
gains to additional employment. As such, broadband expansion contributes to an 
economic sustainable development, but also higher life quality in schools and 
households (Wernick & Bender, 2016).  
While these impacts cannot be measured in direct relation to the investments in the 
sustainability bond, the number of additional access points can be estimated. A 
2013 study on behalf of the German Federal Ministry for Economic Affairs and En-
ergy (TÜVRheinland, atesio GmbH, & TU Dresden, 2013) estimated cost factors per 
access between EUR 810 (for penetrations rates between 75 and 95 %) and EUR 
3,850 (for the remaining 5 % up to 100 %). This large range can be explained by the 
availability of different technological options, different aims for bandwidth, but 
most importantly by the different length of cables and necessary excavations in dif-
ferent rural and non-rural regions.  
In order to calculate a rough estimate, the authors use data from the German Fed-
eral Ministry of Transport and Digital Infrastructure. 13 different regions and cities 
in NRW (that already expanded their broadband accessibility) were selected to cal-
culate a ratio between funding broadband expansion and resulting access points for 
households, companies and institutions (see Table 4-17). This covers more than 
50,000 access points with an overall funding of EUR 100m.  
Related to the EUR 218.5m in the Sustainability Bond NRW #5 (from the states' 
2018 budget), it can thus be estimated that these investments help to provide more 
than 109,000 broadband connections in North Rhine-Westphalia. By comparison, 
literature data from the 2013 study (TÜVRheinland et al., 2013) results in a range 
between 42,000 and 200,000 connections per year (with decreasing annual values 
as lower populated areas are more likely to be connected last).  
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Region Federal Funds 
Other Funds 
(including state 
funds) 
Overall Funding house-holds 
compa-
nies 
institu-
tions 
overall 
access 
Funds 
per 
access 
unit EUR EUR EUR amount amount amount amount EUR 
Rheinisch-Bergischer 
Kreis 5.147.788 84.311 5.232.099 5.476 752 26 6.254 837 
Gemeinde Nümbrecht 8.696.934 0 8.696.934 7.561 125 31 7.717 1.127 
StädteRegion Aachen - A 
85  3.604.911 0 3.604.911 3.004 67 10 3.081 1.170 
Rhein-Sieg-Kreis 9.896.621 1.979.325 11.875.946 7.893 244 185 8.322 1.427 
Stadt Duisburg 8.958.584 0 8.958.584 4.168 1.502 98 5.768 1.553 
Stadt Mönchengladbach 4.515.513 0 4.515.513 2.279 161 7 2.447 1.845 
Kreis Recklinghausen 14.998.498 0 14.998.498 5.969 627 7 6.603 2.271 
Gemeinde Neuenkirchen 10.897.849 1.755.256 12.653.105 3.268 386 13 3.667 3.451 
Stadt Bielefeld 7.893.418 0 7.893.418 1.861 379 7 2.247 3.513 
Stadt Bonn 1.326.326 0 1.326.326 128 80 54 262 5.062 
Gemeinde Westerkap-
peln 4.427.340 885.469 5.312.809 956 70 8 1.034 5.138 
Kreis Düren 14.045.903 1.134.044 15.179.947 2.526 208 112 2.846 5.334 
Stadt Ahaus 198.503 39.700 238.203  35  35 6.806 
All selected projects EUR 94,61m EUR 5,88m EUR 100,49m 45.089 4.636 558 50.283 1.998 
source: selected (NRW) regions from Breitbandatlas 
(https://www.bmvi.de/SharedDocs/DE/Artikel/DG/breitbandatlas/breitbandatlas.html) 
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The following sections list key figures of climate change mitigation in the Sustaina-
bility Bond NRW #5 as well as previous bonds. It compares the GHG saving effects 
to the investments and over time.  
9W;) ECC-/-$+/5)1C)DGD),'K-+?,)-+)3",&'-+'4-(-&5)61+7)20!)89)
The investments in the bond are the main input for the calculation of greenhouse 
gas savings. They are related to costs of related measures as well as the effects of the 
financed projects.  
Each investment is usually provided with a technical lifetime in this process. While 
annual expenditures for e.g. student tickets relate to a lifetime of 1 year, buildings 
save energy and greenhouse gas emissions every year until they have to be disman-
tled or refurbished again (with expected lifetimes of 20 years and more).  
Table 5-1 lists the annual GHG savings for 7 different measures in the bond catego-
ries C (Public Transportation and Local Mobility) and G (Modernisation of educa-
tional and public health facilities). While the annual effects for student tickets are 
the largest by far, they only relate to annual spending in the budget (or rather the 
demand of students for 1 ticket per semester).  
Urban cycle paths on the other hand show a moderately smaller effect for the budg-
et year 2018, but are expected to reduce the demand for car travel for 30 years and 
more (leading to overall savings of more than 120,000 tons of GHG).  
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5.1.1.1.1.1) Measure GHG savings  
per year 
GHG savings over 
Lifetime 
average Lifetime  
(assumption) 
5.1.1.1.1.2)  tons CO2e per year tons CO2e in total years 
5.1.1.1.1.3) Non-urban fast cycle paths 501 15,803 30 
5.1.1.1.1.4) Urban cycle paths 4,132 123,972 30 
Student tickets 9,820 9,820 1 
5.1.1.1.1.5) New university buildings 245 12,269 50 
5.1.1.1.1.6) University buildings 
(refurbishment) 122 2,445 20 
5.1.1.1.1.7) New clinical buildings 1,113 73,453 66 
5.1.1.1.1.8) Clinical buildings 
(refurbishment) 1,864 37,276 20 
source: own calculation based on methods and data depicted in this report 
!  
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By relating the GHG savings over lifetime to the money invested (as well as re-
financed in the bond), it can be shown which measures are the most efficient. The 
highest efficiency measured in GHG savings per million euros invested (see Figure 
5-1), can be attributed to the construction of cycle paths. Even at a much lower as-
sumption for the technical lifetime, these two areas would show a very high efficien-
cy (e.g. non-urban cycle tracks would still have a normalised efficiency of ca. 780 
tons per EURm at a lifetime of only 10 years). This high efficiency cannot be at-
tributed to large climate protection effects for cycling alone (or the underlined em-
pirical data used to calculate the effects). Partly responsible for this effect are also 
the costs of different measures with particular high costs for building construction 
and refurbishment.  
However, focusing on the comparison of these efficiencies can be misleading. Build-
ings, in particular the building types in the bond, provide co-benefits that affect 
numerous areas of sustainable development. Clinical and non-clinical university 
buildings prevent health hazards, improves research capabilities and patient care. 
The same is true for over EUR 130m invested into public transportation for pupils 
and students (of which only EUR 21.0m were directly allocated to tickets for stu-
dents and their climate mitigation effect), as additionally financed improvements of 
supply and quality in public traffic are beneficial to all citizens.  
Finally, not every climate protection measure provides in fact additional GHG sav-
ings as a whole. The calculation scheme at hand for example assumes that old build-
ings are replaced by new buildings funded by the State's budget. If this is not the 
case or if energy savings for heat are partly or overcompensated by additional de-
mand for electricity, the resulting net effect can be negative for the climate as the 
overall GHG emissions of a university or clinic increase instead.  
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A number of project categories have been part of the NRW Sustainability Bond for 
several years now. They also relate to the same or extended programmes, allowing 
to compare the effects from the budget years 2014 to 2018. With the exception of 
solar thermal energy (Bond #3) and co-generation of heat and power (Bond #2), 
they can therefore be aggregated to a five-year portfolio. 
The budget expenditures related to the NRW bond has increased continuously over 
these 5 years from EUR 50m in 2014 to EUR 360m in 2018 (see Figure 5-2; only ac-
counting for investments directly associated with GHG savings). The largest in-
crease in investments can be allocated to new and refurbished clinical buildings: 
quantifiable investments increased from EUR 196m in 2015 to EUR 270m in 2018.  
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Over the course of five years (2014 – 2018) EUR 1,287m were invested, inducing 
potential GHG savings of ca. 1 million tons CO2e over the assumed lifetime of the 
measures (see Figure 5-3). About 46 % of these savings could be attributed to the 
construction of cycle paths in NRW alone, while the construction of new clinical 
buildings makes up another 28% of the overall financed savings.  
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The section summarizes the results of the report and provides an outlook for future 
studies.  
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This impact report is fifth in a row, including investments in the NRW Sustainabil-
ity Bonds #4, #3, and #2, but also covering selected projects from NRW Sustaina-
bility Bond #1 (budget year 2014). During this time, not only the bond size has in-
creased by a large margin from EUR 750m to EUR 2,25m, but also investments in 
the bond that could be associated with impacts (EUR 260m in #1 compared to EUR 
1,500m in #4). The report at hand quantifies 65% of the investments, while also 
stating that circa 27% of the bond are currently not quantifiable due to lack of data 
or methodologies.  
In terms of environmental impacts, direct quantifications are still mainly restricted 
to potentials to avoid GHG emissions (GHG reductions or savings). Other environ-
mental effects are either attributed to a small share of the bond (circa EUR 40m re-
ported to provide sustainable land use), or stem from third party assessments where 
investments from other stakeholders also play an important role (e.g. less than 
EUR 6m that help companies to also reduce waste, water and material use).  
The directly quantified GHG savings from investments in the bond have increased 
over the five Sustainability Bonds, with the largest increase from investments for 
educational buildings and the highest effect attributed to urban cycle paths. Since 
most of the funded projects have a larger lifetime, these effects potentially also take 
place after the bond term (10 or 15 years) runs out. Overall, it has been estimated 
that the fifth Sustainability Bond induces annual GHG savings of 
ca. 18,000 CO2 equivalents and ca. 275,000 CO2 equivalents over the lifetime of the 
measures.  
In terms of social impacts, the current NRW Sustainability Bond #5 could also di-
rectly be associated with  
!" 22,000 additional first year students 
!" 12,200 additional master student places, 
!" 64,300 bachelor graduates, 
!" 21,000 geriatric nurses in training, 
!" 14 researchers brought back to NRW, 
!" 125 to 250 new jobs for persons with disabilities, 
!" 725 social workers, 
!" 150 integrated long term unemployed persons 
!" 109,000 new broadband connections. 
In total, circa EUR 745m were invested from the State budget in 2018 for these 
quantified impacts (out of category A, B and F), matching 58% of the NRW Sustain-
ability Bond #5.  
Further social and environmental impacts could be drawn from third party assess-
ments, totalling a funding of EUR 90m or 4% of the bond.  
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The results in this report mainly build on previous developed methods and collected 
data, although updates of datasets were integrated wherever possible. New devel-
opments in the indicator set only affected social impacts from an obvious cause-
effect-relationship.  
The next report of the NRW Sustainability Bond aims to expand the existing indica-
tor set, while also improving the overall methodology in three separate work pack-
ages: 
(1))Definition of social impacts 
(2))Development of methods for co-impacts 
(3))Introducing additional environmental indicators 
Step (1) provides a first classification of social impact indicators. This will enable the 
authors to differentiate better between indirect effects that cannot be limited to in-
vestments in the measures only and direct effects that can be directly related to the 
investment size of measures in bond (quantifiable and scalable).  
Step (2) focuses on the development of a method for the qualification and quantifi-
cation of so called co-impacts. Co-impacts are benefits of measures that occur in dif-
ferent dimensions of sustainability – such as the co-existing energy efficiency and 
health effects of the modernisation of clinic. The researchers aim to provide a first 
description of necessary steps for quantifying these effects based on the example of 
new bicycle paths in cities.  
Step (3) aims to expand the available indicator set in the area of ecology, in particu-
lar for sustainable land use and biodiversity. Its results will be based on an exten-
sive desk research and a first matching of suitable indicators with measures in the 
Bond.  
The results of these three work packages will be part of the extended report of the 
NRW Sustainability Bond #6 in 2020.  
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